Abstract
Introduction
There is a large and rapidly increasing literature which analyses social networks for Further, there is a growing and related literature on what is referred to by economists as 'information cascades' on such networks. Individuals form their opinions on particular topics in a variety of ways, but an important one is by noting the opinions of others who the individual considers to be significant in the particular context.
Empirical examples include the volatility of financial markets 4 , the success or failure of film releases in the United States 5 , understanding why dramatic changes in crime can take place 6 , the distribution of honesty ratings amongst sellers on websites such as e-Bay 7 and whether or not people in the UK have bank accounts 8 . The analytical foundations of all these studies are very similar, and a modern historical example traces how liberal social attitudes have come to predominate in the Anglo-Saxon countries over the past few decades even though initially they were held by only a distinct minority of the population.
9
The aim of this paper is two-fold. First, to illustrate how empirical networks can be reconstructed relying principally on information contained in qualitative, historical sources. Second, to give an example of the process of evolution of a historical social network across which the opinions and behaviour of individuals are influenced.
In this paper we consider how social networks help understand how competing ideologies either spread or are eliminated amongst the relevant population in historical situations. The specific historical example we use to illustrate this technique is the evolution of religious beliefs in England in the 1550s and early 1560s.
In the early 1550s, the vast majority of the English population still adhered to Economic Journal, 106, (1996 ), 1493 -1514 E.L.Glaeser, B.Sacerdote, and J.A.Scheinkman, 'Crime and social interactions', Quarterly Journal of Economics, 111 (1996) , 507-48. 7 P Laureti, F Salnina, Y-K Yu and Y-C Zhang, 'Buyer feedback as a filtering mechanism for reputable sellers ' , Physica A, 316, (2002) In contrast, Mary's short reign was possibly the most ideologically repressive in the whole of English history, with around 300 burnings of Protestants in the space of only five years.
This paper looks at two important issues. First, we examine how contemporaries thought of martyrdom as a way of influencing popular opinion. This evidence makes it clear that a social network evolved across which religious opinions were strongly influenced. Second, we use this information to approximate the topology of the network which is consistent with the evidence on how religious opinions altered during the 1550s. Any quantitative assessment of popular opinion in the sixteenth century is inevitably conjectural, nevertheless the conclusions are suggestive.
Section 2 of the paper expands the relevant historical context. Section 3 discusses how this qualitative, documentary evidence can be used to approximate how social networks evolve. Section 4 describes the model, and section 5 sets out the results.
Finally, section 6 offers a short conclusion. The Heythrop Journal, 7, 3 (1966); 7, 4 (1966), 381-93; 8,1 (1966), 52-69; 8,2 (1966) In contrast, the Protestant clerical elite were convinced from the outset that their death could cause the policy to rebound on the persecutors. They were well aware of the necessity of creating a good impression at the stake.
The historical context
To this end then they encouraged one another, On 8 February 1555, on the morning of his execution Laurence Saunders, a noted Protestant preacher in London and the Midlands, wrote to his wife and supporters:
God's people shall prevayle: yea our blood shal be their perdition Who do most triumphantly spill it. In other words, in order to make the process a triumph for the faith, the persecuted Protestants believed that they had to put on a good show. Latimer and Ridley famously rose to the occasion, with perhaps the most memorable of all the quotes of the English martyrs when about to be burnt:
Be of good comfort, master Ridley, and play the man.
We shall this day light such a candle, by God's grace 15 Foxe, Actes, 1428. 16 Foxe, Actes, 1423. in England, as I trust shall never be put out.
17
The image is all the more striking because the world of the 16 th century was largely unlit, incredibly dark compared with the early 21 st century, and a single candle could have a visibility of a mile or more. Certainly, no words were necessary, especially as the Marian authorities were loath to allow any preaching besides abject recantations.
The drama of the occasion sufficed; Saunders died embracing the stake, Rogers was seen to be washing his hands in the flames and Archbishop Cranmer signalled his adherence to the Protestant faith by thrusting into the fire the right hand which had previously signed his humiliating recantation.
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The language of contemporary Protestant support is rich in the vocabulary of dissemination: John Careless wrote from prison in the spring of 1556;
as we now go forth weeping, bearing forth good seed, so shall we come again with joy, and bring our sheaves full of corn.
Yea the death of the martyrs….shall be the life of the gospel, spite of the papists' hearts. The biblical origin of this rhetoric should not disguise its attempt to describe the phenomenon the Protestants thought they were seeing around them. He used an illness metaphor familiar in anti-heretical rhetoric, 'she might infect a few by living, she would confirm many more if she were punished with death.' Foxe suppressed this anecdote for all later versions of his work. J.F. Mozley, John Foxe and his book, (London,1940), 35-6 Of course, the fact that the martyrs themselves believed they would influence people by their behaviour does not mean that they were necessarily right. However, contemporary accounts suggest strongly that their views on this matter were correct.
Rogers' execution was observed by 'a wonderfull number of people'. 21 Even the notoriously grumpy John Hooper took the opportunity of the journey back to his former bishopric of Gloucester to charm a woman of Cirencester, bless a blind child, and greet local dignitaries. Foxe, the main contemporary chronicler of these events, put the crowd assembled to watch him burn at 7,000, 'for it was market-day and many also came to see his behaviour towards death.' His cheerful fortitude won them over.
By the time the fire was ready to be lit 'there was nothing to be seen but weeping and sorrowful people'. 22 Numbers may well be exaggerated in Foxe's accounts, but there is some corroboration from the Catholic writer, Miles Huggarde who described Foxe's 'godly multitude and congregation' at the Smithfield burnings as 'more people….flocking together on heaps than you shall see at a good sermon or exhortation by some learned man in a whole week.'
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Potential victims encouraged supporters to be present. Saunders was burnt in Coventry where he had been active and on the morning he was executed wrote to friends:
Make haste my deare brethren, to come unto me that we may be mery.
24
It was a sign of the success of this tactic that the government's policy changed and in July 1555 John Bradford was conveyed to Newgate between 11 and 12 at night, in time, it was rumoured, for a burning in the small hours before as few witnesses as possible. By four o'clock in the morning, a large crowd had gathered at Smithfield, although in the event it was nine before Bradford was led to his fate. In other words, a network of awareness of religious leaders existed, both national and regional, under Edward VI. It is here that the specific historical context becomes of crucial importance. We can think of the relevant social network before the Marian persecutions as being a latent scale free network. The structure existed in principle but it required specific historical events to activate it and turn it into one in which opinions were actually influenced.
It is precisely the specific historical background described above which led to this network becoming decisive in the spread of Protestantism. Most martyrs knew that they were already well known, whether at a national or regional level; they knew that news of their burnings and how they behaved would become widespread, indeed, as we have seen, they positively encouraged people to witness their executions; and they deliberately behaved with great fortitude in the face of a terrible death exactly to encourage the spread of their doctrine. 'Did they make a good end?'
35
In the context of the current topic,. there is a strong consensus, both amongst contemporaries and subsequent historians, that the martyrs were a decisive influence in the spread of Reformed Protestantism. 35 For Russia see J. Shepard and S. Franklin, The Emergence of Rus, 750-1200 (Harlow, 1996 
Description and calibration of the formal model
In the nature of social science, we are required to make simplifications and approximations. In the next section of the paper, we assume that individual doctrinal belief is determined solely by the network of influences on a weighted scale free network. We set up an agent based model, which proceeds on a step-by-step basis.
Within each step, each individual decides whether to remain with his/her existing doctrine or to switch to an alternative. The individuals are connected on a scale free network. A person considers the allegiance of the small number of individuals to whom he or she pays attention in deciding this matter, and switched doctrinal allegiance depending upon the relative weight of influence of theses individuals. We discuss this in more detail below. As with a great deal of data in the social sciences, the measurements are far from perfect. For example, those who made wills were overwhelmingly male and middle class and indeed middle aged or older. Preambles were often composed by notaries and testators chose from a range of standard texts which may or may not have represented their private sympathies. Finally, as the middle decades of the sixteenth century wore on, testators became increasingly concerned that the government was going to confiscate all private wealth on religious grounds (a not unreasonable fear after the depredations of the monasteries and private chantries), and so adopted studiously neutral religious formulae which could be misinterpreted as 'Protestant' by later historians. 40 With all these caveats here is a From these initial conditions, as noted above, the model is populated by 500 agents and proceeds on a step by step basis. An individual can hold at any point in time one of the three doctrines. Individuals take into account the views of the small number of people in the scale-free network whose opinions influence them. In the results below, an individual considers the opinion of four other people in deciding whether or not to make the switch. Within reason, the results are not sensitive to the precise choice of 'four'. Again, however, in the absence of precise information, it seems reasonable to assume that in a matter as intimate as the choice of religious doctrine, in general people will only seriously take account of the opinions of a small number of others.
The individuals are allocated to their respective doctrines, and the relative weight of their importance is added up. This weight is given by the number of individuals each of these individuals influences. Of course, this will not be known precisely in practice by the person considering his or her allegiance. But he or she will be aware of the relative weights, so that a bishop or a martyr will in general be known to be more significant than, say, one's brother.
Litzenberger's insistence on testator caution and therefore 'neutrality ' after 1558, viz. 1541-6, 0.4%; 1547-53, 3%; 1553-58, 1.6%; 1559-69, 2.2%. An individual decides to switch if more than a certain percentage of the total weight of the individuals to whom he or she pays attention subscribes to the rival ideology. In other words, this is a measure of the pressure from the relevant peer group. The more the people to whom an individual pays attention are in the rival group, the more likely it is that he or she will switch. The critical percentage is set by the user of the model.
Given that switching is by no means a trivial matter, it makes sense to assume that a clear majority of the weighted relevant opinion for an individual should be of the opposite view before he or she decides to switch. In the illustrative results below, we set the critical percentage at more than two-thirds (0.67). In other words, if up to and including two thirds of the influence to which the individual pays attention is in the rival camp, he or she remains faithful to his or her original set of views. Only if this is greater than two-thirds will the switch be made. This is a deliberately conservative assumption; religion is not a supermarket and it is difficult to change people's religious outlook. If we had empirical evidence on the size of the critical percentage, we could use it in the model, but in the absence of this knowledge, the two-thirds assumption seems reasonable. 
Results
First of all, we present results in which everyone in the model is allocated initially a doctrine at random according to the specified percentages. An implication of this is that, because 92 per cent of the total number of individuals is assumed to be Catholic, the most influential individuals are much more likely to be allocated as Catholics rather than Protestants. These results can also be seen as hypothetical historical counter-factuals. The two subsequent sets of results suggest that the persecuted Protestants were right and that the burnings offered an unprecedented opportunity to influence opinion.
England still remains in most cases in the results a broadly Catholic country by the end of Mary's reign. But the scale of the changes caused by assigning a relatively small number of opinion formers to Protestantism suggests that enough people had switched allegiances to significantly weaken support for traditional religion by the early years of Elizabeth's reign. Moreover, the persecution concentrated attention on the Reformed Protestants and helped to effectively eliminate the attractions of competing Protestant groups.
The spread of Protestantism throughout England and the complete marginalisation of Catholicism took several decades to complete, but the seeds were sown in the 1550s.
Those who were persecuted by the Marian government shrewdly chose martyrdom as an opinion-changing strategy as well as for its own spiritual benefits. Modern understanding of network theory shows that they were right to do so.
A final point from a historical perspective is that the results suggest that in this particular context, the behaviour of particular individuals was of decisive significance in influencing the eventual outcome. The rapid rise of Protestantism in England in the mid-16 th century was not ultimately due to social and economic forces, but to the deliberate actions of a relatively small number of religious leaders, both national and local, who chose to die for their beliefs.
Conclusion
There is a large and rapidly increasing literature which analyses social networks for which substantial amounts of quantitative data are available. Further, there is a growing and related literature on what is referred to by economists as 'information cascades' on such networks.
In this paper, we describe the process of emergence and evolution of a historical social network across which the opinions and behaviour of individuals were influenced. We also illustrate how empirical networks can be reconstructed relying principally on information contained in qualitative, historical sources.
The specific example we use is religious belief in England in the 1550s. We describe how the burnings of Protestant leaders by the Catholic Queen Mary (1553-1558) created a set of martyrs which was decisive in increasing support not just for Protestantism compared to Catholicism, but which led to the rapid disappearance of rival Protestant factions.
We have shown how qualitative information in historical documents can be used to describe how a network emerges and evolves across which ideological beliefs are determined. By supplementing it with a small piece of quantitative evidence, we are able to calibrate it to the data on the evolution of religious opinions in England in the 1550s, when the foundations for Protestantism were laid.
